Inactivation of tryptophan hydroxylase by nitric oxide: enhancement by tetrahydrobiopterin.
Tryptophan hydroxylase, the initial and rate-limiting enzyme in the biosynthesis of the neurotransmitter serotonin, is inactivated by the nitric oxide generators sodium nitroprusside, diethylamine/nitric oxide complex, and S-nitroso-N-acetylpenicillamine. Physiological concentrations of tetrahydrobiopterin, the natural and endogenous cofactor for the hydroxylase, significantly enhance the inactivation of the enzyme caused by each of these nitric oxide generators. The substrate tryptophan does not have this effect. The chemically reduced (tetrahydro-) form of the pterin is required for the enhancement, because neither biopterin nor dihydrobiopterin is effective. The 6S-isomer of tetrahydrobiopterin, which has little cofactor efficacy for tryptophan hydroxylase, does not enhance enzyme inactivation as does the natural 6R-isomer. A number of synthetic, reduced pterins share with tetrahydrobiopterin the ability to enhance nitric oxide-induced inactivation of tryptophan hydroxylase. The tetrahydrobiopterin effect is not prevented by agents known to scavenge hydrogen peroxide, superoxide radicals, peroxynitrite anions, hydroxyl radicals, or singlet oxygen. On the other hand, cysteine partially protects the enzyme from both the nitric oxide-induced inactivation and the combined pterin/nitric oxide-induced inactivation. These results suggest that the tetrahydrobiopterin cofactor enhances the nitric oxide-induced inactivation of tryptophan hydroxylase via a mechanism that involves attack on free protein sulfhydryls. Potential in vivo correlates of a tetrahydrobiopterin participation in the inactivation of tryptophan hydroxylase can be drawn to the neurotoxic amphetamines.